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SHORT REPORT

Substance P concentration and history of
headache in relation to postlumbar puncture
headache: towards prevention
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Abstract
Medical treatment of postlumbar punc-
ture headache (post-LP HA) is often diffi-
cult and ineffective. Prevention would be
preferable to more invasive procedures,
including blood patch. The aim was to
determine the incidence ofpost-LP HA in
two suspected high risk groups compared
with the general outpatient population.
Based on previous research, it was
hypothesised that a low substance P con-
centration, or a history of chronic
headache, or both would be associated
with a higher risk of post-LP HA. A total
of 310 randomly selected patients under-
going diagnostic lumbar puncture in the
outpatient neurology clinic over 30 con-
secutive months were studied. Follow up
was by headache questionnaire or phone
survey after diagnostic lumbar puncture.
Substance P was measured by radioim-
munoassay on a subset of 102 samples of
CSF. The overall incidence of post-LP
HA was 38%. Patients with a measured
substance P value < 1.3 pglml were three
times as likely to have post-LP HA than
those with a higher value. A history of
chronic or recurrent headache was
reported by 57% of those who developed
post-LP HA. This group was also three
times as likely to experience post-LP HA
as those who did not have chronic
headaches.

(3 Neurol Neurosurg Psychiatry 1996;60:681-683)
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Headache is a common and often severe com-
plication of lumbar puncture not yet readily
preventable or predictable.1-5 Simple therapeu-
tic interventions including intravenous hydra-
tion and vasoactive medications have afforded
limited success.4 67 Epidural blood and saline
patches are effective, but are invasive and can
cause complications.89 Use of a very small
gauge needle may be helpful, but other pre-
ventative manoeuvres such as remaining
supine for up to 24 hours after the procedure,
copious oral fluid intake, and prophylactic
blood patch have proved futile.34 8-15

Established risk factors for developing post-

lumbar puncture headache (post-LP HA)
include a small body mass, female sex, age less
than 40 years, and use of a large gauge spinal
needle by the clinician.'10'5 A history of
headache reported one week before the proce-
dure can serve as a valuable predictor.4 Also,
research has suggested that those who experi-
ence post-LP HA may have significantly lower
baseline (resting) substance P concentra-
tions.'6 The post-LP HA in this group may be
related to a combination of factors including a
hypersensitivity to substance P or a receptor
mediated phenomenon (low resting substance
P concentrations with receptor up regulation).
We hypothesised that a low CSF substance P

concentration (< 1'3 pg/ml) or a history of
chronic headache would identify those at high
risk for developing post-LP HA. To test this
hypothesis, we studied 310 patients (ran-
domised daily) undergoing diagnostic lumbar
puncture over a 30 month period.

Methods
Headache questionnaires were distributed to
310 patients undergoing diagnostic lumber
puncture in the outpatient neurology clinic
after informed consent to participate in this
study was obtained. Lumber puncture was
requested before this by independent clini-
cians for clinical reasons not directly associ-
ated with the research. Information obtained
from the questionnaire included: (a) the inci-
dence, quality, and severity of the postural
(post-LP) headache after the procedure, and
(b) history of chronic or recurrent headache.
Those who did not return their questionnaires
by mail were phoned to verbally obtain this
information. Responses were received from
266 of the 310 patients. Reasons for not
responding included inability to comprehend
the questions (language barrier or dementia),
change of address, disconnected phone, and
death.
None of the patients were undergoing

intrathecal treatment or systemic chemother-
apy. All were ambulatory, and none were
under evaluation for intractable/recurrent
headache or pseudotumour cerebri. The aver-
age age was 56 (range 23 to 79) years. There
were 162 women and 104 men.
Lumbar puncture was performed with a 20

gauge 3-5 inch spinal needle. Patients were

681



Clark, Solomon, deS Senanayake, Gallagher

Comparison between the sexes, those with and without chronic headache and those with high or low substance P in CSF

Chronic headache Substance P
Women Men
(n = 162) (n = 104) Yes (n = 88) No (n = 178) Low (n = 54) High (n = 37)

Post-LPHA (No (%)) 64 (39) 38 (37) 50 (57) 53 (30) 26 (48) 9 (24)
Odds ratio - 3 09 2-9

instructed to remain supine for one hour after
the procedure in the clinic, and for a further
six hours at home. The CSF was collected into
sterile tubes with aprotinin added (500 kU per
ml of CSF added, 2 ml of CSF per patient).
The tubes were immediately frozen at - 200 C
until analysis. Substance P in CSF was quanti-
fied by radioimmunoassay under controlled
conditions as described by McGregor and
Bloom (see below) in 102 randomly selected
members of the entire group of 310.17
Responses to the headache questionnaire were
available for 91 of these. Technicians perform-
ing the assay were blinded to the results of the
questionnaire.

For radioimmunoassay, duplicate 50, 100,
and 200,l aliquots of the reconstituted sam-
ple of CSF were transferred to prechilled
(4°C) tubes containing 450, 400, and 300 pl
assay buffer, respectively. A 100ll aliquot of
"251-substance P(125I Bolton-Hunter labelled
substance P; Amersham, Chicago) containing
6000 counts was added to each tube, followed
by a 100 Ml aliquot of antiserum (Arnel
Products, NY; ca No 17). After a 48 hour
incubation at 4°C bound and free substance P
were separated by the addition of a suspension
of charcoal (1 ml). The suspension contained
per 100 ml assay buffer, 0-8 g activated char-
coal (untreated powder, 100-400 mesh,
Sigma Chemical Co, St Louis, MO), and
0-08 g dextran (clinical grade, Sigma). The
assay tubes were then centrifuged (2200 rpm,
20 minutes, 4°C), and the supematant liquid
was decanted. The bound 125I-substance P in
the supematant liquid was measured with a
gamma counter (Apex Micromedic Systems,
Inc, Huntsville, AL). Synthetic substance P
(Bachem No PSUB 10) was used as a stan-
dard in serial dilutions of 1-400 pg/tube.

Results
Post-LP HA was reported by 39% of the
women and 37% of the men (102 of 266
patients). The frequency of post-LP HA in
these two groups was not statistically different
(X2 = 0-24; P > 0-05; table).
A history of chronic or recurrent headache

was reported by 88 patients (33%). Fifty of
these experienced post-LP HA (57%). This
group was three times as likely to develop
post-LP HA than those without a history of
chronic headache (odds ratio 3 1; 95% confi-
dence interval (95% CI) 1-8-5-3 (X2 = 18-1;
P < 0 0001; table)).

Assay results for substance P in CSF were
available for 91 of the questionnaire respon-
ders. In this group, 35 reported post-LP HA.
The average value in the post-LP HA group
was 0-895 (SD 0-718) pg/ml and the average

was 1-421 (SD 1.796) pg/ml in the group
without post-LP HA. The substance P con-
centration was low (< 1-3) pg/ml in 26 of the
35 who developed post-LP HA (74%).
Conversely, 48% of those with a low substance
P value reported post-LP HA compared with
24% of those with a high value. Those with a
low substance P concentration were three
times as likely to develop post-LP HA (odds
ratio 2-9; 95% CI 1-1-7-3 (X2 = 5-3; P
< 0 05; table)).

Discussion
Headache is a common and debilitating com-
plication of lumbar puncture. 1-3 1 The head-
ache is severe in many cases, and protracted in
some.'2 '3 Comments received from patients
participating in this study reflected the emo-
tion associated with this condition. Many took
the time to write full page letters about their
experience.

Therapeutic options include analgesics,
intravenous fluids, caffeine, and epidural
blood patch.2 3 Most medical remedies pro-
vide limited relief, and blood patch requires a
repeat procedure. The most reliable method
for alleviating post-LP HA pain is to remain

2 31supine. 312 However, many patients are forced
to do so for days, which can be disabling.
Prolonged supine positioning is also associated
with an increased incidence of gastrointestinal
symptoms.'5 Because medical treatment is of
limited success, prevention may be the best
option. To this end, we have identified two
risk factors which will simplify the design of
future studies and our understanding of post-
LP HA.
The general incidence of post-LP HA in our

clinic is consistent with that reported by
others.' 415 Low concentrations of substance P
in CSF proved to be a sensitive marker for
post-LP HA. This may represent a hypersensi-
tivity (receptor mediated) phenomenon as pre-
viously outlined.'6 As research has also shown
that substance P concentrations in CSF corre-
late with serum concentrations, measurement
of substance P in serum before lumbar punc-
ture may have utility.'8 This may identify a
subset of patients who are more likely to
respond to medications which have an effect
on substance P concentrations (including pra-
zosin, captopril, spantide, and capsaicin).
These medications may be used in trials to
prevent post-LP HA in this particular high risk
group. 19-22
We also found that a history of chronic or

recurrent headache is associated with post-LP
HA. These patients were three times as likely
to develop post-LP HA as those without
chronic or recurrent headache. One study
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identified a history of recent headache (within
seven days) as a risk factor for post-LP HA.4
Many patients must wait several weeks to
schedule a spinal tap, and most studies require
advanced planning. Therefore, a positive his-
tory of chronic headache may prove more
useful in predicting post-LP HA. This infor-
mation will also help to simplify the design of
long term prophylactic treatment trials.
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NEUROLOGICAL STAMP

Karl Rokitansky (1804-78)

Rokitansky was a Czech who studied philosophy at the
University of Prague and later moved to Vienna to study
medicine. He was one of the greatest of the gross descrip-
tive pathologists and was able to base his lifelong study of
disease on more than 30 000 necropsies personally per-

formed over 40 years. Rokitansky was professor of pathol-
ogy in Vienna for 30 years from 1844 and was one of the
chief founders of the new Vienna School. His Handbuch
der pathologischen Anatomie (1842-46) was based on many

thousands of necropsies. Among his special contributions
were treatise on diseases of the arteries and defects of the
heart. He was the first to detect bacteria in the lesions of
malignant endocarditis. Other contributions include stud-
ies on goitre, acute yellow atrophy of the liver (also known
as Rokitansky's disease), polycystic tumour of the ovaries,
acute dilatation of the stomach, and perforating gastric
ulcer and he recognised the association of intracranial
lesions with erosions of the gastric mucosa. He also
described spondylolisthesis and spondylitic deformity of
the spine. At first he was an adherent of the humoral the-
ory of disease but was bitterly opposed by Virchow, the
founder of modem cellular pathology. Later Rokitansky
accepted Virchow's view.
He was a genial and witty man. Of his four sons, two

became physicians and the other two concert singers
which led him to remark that they were of two classes, the
healers and howlers: Die Einen heilen, die Anderen heulen.

He was honoured in the set of stamps issued by Austria
in 1937 showing great doctors (Stanley Gibbons 817,
Scott B158).
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